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Executive Summary
Dreissenid mussels, which include both quagga and zebra mussels, are native to Eastern Europe.
Outside their native range they are harmful, highly invasive freshwater species. Since their
introduction to the United States (in the Great Lakes area) in the late 1980’s, these mussels have
caused billions of dollars in management and control to resource agencies and private industry,
particularly in the eastern U.S. The appearance of invasive mussel species in California in recent
years has heightened concern that these species may infest other waterways in California, with
the potential of impacting aquatic ecosystems resulting in the need for costly control efforts.
California Fish and Game Code 2302 requires owners and managers of reservoirs to assess the
vulnerability of their reservoirs for the introduction of quagga and zebra mussels and to develop
and implement a program designed to prevent the introduction of these mussel species. To
protect Mill Creek Ponds, the County of Mendocino will comply with Fish and Game Code
2302, and implement a prevention program at Mill Creek Ponds.
Quagga and zebra mussels are not currently known to exist in Mill Creek Ponds. However, these
waters and facilities are potentially susceptible to infestation by the non-native, invasive quagga
and/or zebra mussels. In addition to the effect these species can have on local ecosystems and
recreation activities, dreissenid mussels can hinder the delivery of water due to the mussels’
capacity to clog or foul pipes, pumps, water intake structures, water delivery systems and fish
screens. The vulnerability of Mill Creek Ponds, based on the risk of infestation, will guide the
scope of the proposed education and monitoring program.
This document was developed to guide the development and implementation of a plan to prevent
the introduction of quagga and zebra (also called dreissenid) mussels into the Mill Creek Ponds
in Talmage, Mendocino County. This plan describes a proposed program that includes public
education, monitoring, and management of recreational, boating, or fishing activities that are
permitted. The County of Mendocino will work with local and state stakeholders to implement
the proposed plan.
Introduction
Mendocino County is a primarily rural county covering 3,878 square miles, with a population of
approximately 90,000 people. Agriculture is important to its economy and communities, with
wine grapes and timber production representing the largest crops. The upper Russian River
watershed in Mendocino County is comprised of six communities: Hopland, Talmage, City of
Ukiah, Calpella, Redwood Valley, and Potter Valley. Native American tribes in this area include
Hopland Band of Pomo Indians, Yokayo Tribe of Indians, Guidiville Band of Pomo Indians,
Pinoleville Pomo Nation, Coyote Valley Band of Pomo Indians, Redwood Valley Little River
Band of Pomo Indians, and the Potter Valley Tribe. As a rural county containing economically
disadvantaged communities, low-cost and free recreational opportunities are important for local
families to access. The Mill Creek County Park is open to the public, free of charge, and
provides several recreation options for people to enjoy. Although no day-use data have been
collected for park visitors, it gets used year around, with highest use days in spring and summer
months.
The Mill Creek Ponds are located within Mill Creek County Park. Mill Creek County Park
is located just outside of Talmage, east of Ukiah. Nestled in a narrow canyon at the bottom
of Cow Mountain on the eastern side of Ukiah Valley, Mill Creek County Park is
vegetated with a mixed forest of oak, madrone, bay, and riparian species. Mill Creek runs
through the middle of the park, and several nature trails lead guests throughout the park's
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hillsides.
The upper pond has been used as a water source for helicopters during wildfire suppression
activities. The upper and middle dams are located within the jurisdiction of the California
Department of Water Resources (DWR) Division of the Safety of Dams, and DWR is the agency
responsible for performing annual inspections of the structures.
History
Three dams were constructed on Mill Creek, east of Talmage in Mendocino County to supply
water to the then-active State Mental Hospital. The first dam was built in 1892, the middle dam
in 1908, and the upper dam in 1913. By the late 1950s the lowest dam no longer impounded
water because the reservoir had filled with sediment. The middle dam continues to maintain
aquatic habitat, and is commonly referred to as the “Lower Pond,” although a significant portion
of the pond was filled with sediment during the accidental, catastrophic release of water from the
upper dam in December 2004. The upper dam impounds a 6.5-acre pond that stores
approximately 85 acre-feet of water, commonly referred to as the “Upper Pond.” The inlet of
Mill Creek to the Upper Pond delivers sediment and has created a delta where it enters the pond.
The Mendocino State Mental Hospital in Talmage was closed in 1972, and that land was
transferred to the County of Mendocino in 1973. Included in the transfer was the water source
for the hospital, consisting of three dams and two ponds on Mill Creek. The County converted
the ponds and approximately 400 acres of the associated parcels to the Mill Creek County Park
(Figure 1). The bottom pond filled with sediment, is overgrown with vegetation, and no longer
impounds water. The Lower Pond still retains water, but has decreased in size since the largescale water release from the upper dam in 2004, maintaining a surface area of approximately one
(1) Acre (Entrix 2008). The Upper Pond maintains a surface area of approximately 6.5 acres,
and is the primary attraction for recreationists to Mill Creek County Park (Figure 2).
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Figure 1. Vicinity map of Mill Creek County Park within Mendocino County.
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Figure 2. Aerial view of Upper and Lower Mill Creek Ponds.
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Regulatory Setting
The Mendocino County Water Agency manages two impoundments in the county, both of which
are located at Mill Creek County Park. The ponds are the main attraction for Mill Creek County
Park, and are used for recreation throughout the year. The County’s Parks and Recreation
Department maintains the park and picnic areas. The County of Mendocino is committed to
protecting the water quality and recreational opportunities at Mill Creek County Park, and the
downstream ecosystems of Mill Creek and the Russian River.
The California Department of Water Resources Division of Safety of Dams inspects both dams
every year. The Dam Safety Report identifies issues that must be addressed by the Mendocino
County Water Agency to ensure safe function of the dams.
The California Department of Fish and Wildlife (CDFW) regulates recreational fishing through
their fishing license program, and Game Wardens frequently visit the park to ensure anglers are
following the rules. CDFW’s authority also includes regulating local agencies regarding invasive
mussels, as follows:
“If a public or private agency that operates a water supply system detects dreissenid
mussels, the agency shall immediately begin developing a dreissenid mussel control
plan and implement measures to prevent further spread.” (from California Code §
672.1. Dreissenid Mussel Control and Prevention).
Environmental Setting
The Mill Creek watershed encompasses approximately 17.5 square miles in the Coast Range
Geomorphic Province of California. It is a tributary to the Russian River, flowing from east to
west, and is located within the Mayacama Mountains. Geology in the area is dominated by
Franciscan Complex bedrock. The plant community in the valley is composed of riparian species
and mixed hardwoods. As elevation in the watershed increases, the drier soils supports an oak
woodland and chaparral community. Rainfall in Ukiah Valley averages approximately 37 inches
per year, typically occurring between November and April.
Recreation
Recreation in the Upper and Lower Ponds consists primarily of fishing and swimming. Kayaks
and small boats typically get launched at the shallow, east end of the Upper Pond next to the
parking lot (Figure 3). A trail network provides walking access to the south side of the pond, but
the majority of access is from Mill Creek Road on the north side. Angling occurs from both east
and west banks, and from boats. Fishing from the upper dam is prohibited. There is a picnic area,
permanent and temporary bathrooms, and a playground on the upstream side of the Upper Pond.
Access to the Lower Pond is via Mill Creek Road (Figure 4). Summer visitors typically bring
inner tubes and other recreational floatation devices to the Lower Pond. Most angling occurs
from that dam. There are no facilities on or near the Lower Pond. The California Department of
Fish and Wildlife plants juvenile steelhead trout in the Upper Pond annually to support a putand-take fishery. Other fish species that reside in both ponds include largemouth bass, bluegill,
goldfish, California roach, and three-spined stickleback.
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Figure 3. Aerial view of Upper Pond at Mill Creek County Park, showing parking and
launching locations.
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Figure 4. Aerial view of Lower Pond at Mill Creek County Park, showing parking locations.

7

Life History of Dreissenid Mussels
Quagga mussels (dreissena rostriformiss bugensis) and zebra mussels (d. polymorpha) are small
freshwater mollusks that are native to the Black Sea and rivers in Ukraine and Russia (Richter
2008) (McMahon 1996). Both species most likely arrived in the Great Lakes region via
discharge of ballast water from large trans-oceanic ships. The quagga and zebra mussels quickly
spread through most of the Great Lakes region and into the Mississippi River watershed by the
late 1980s. Many other water bodies in the Midwest and eastern United States have since become
infested. Intense work and multi-agency programs were implemented to prevent their spread
west of the 100th Meridian, but that effort failed and both species have been infesting
waterbodies in California since 2007 (Richter 2008).
Dispersal
When quagga and zebra mussels are in their larval stage, they are too small to be seen with the
un-aided eye. As larvae, they are suspended within the water for four (4) to five (5) weeks before
sinking and attaching to almost any surface (Stanczykowska, A., and K. Lewandowski. 1993).
Infested water bodies quickly become blanketed and infrastructure, such as docks, ramps, piers,
and water conveyance pipes, can become covered and clogged. The ability of quagga and zebra
mussels to attach to watercrafts and trailers has enabled them to spread rapidly.
Quagga and zebra mussels reproduce by broadcast spawning, where eggs and milt are released
into the water column, and fertilization occurs via chance encounter (Richter 2008) (McMahon
1996). This reproductive strategy relies upon the release of large numbers of gametes to ensure
species survival. A fully mature female can produce up to one million eggs per season,
depending upon habitat and food availability. Both species can breed year-round, thus further
enhancing their ability to survive. These species are small, even when fully mature. Adult
quagga mussels may grow up to 1.5” long, and adult zebra mussels can get up to 2” long
(Figures 5 and 6). However, the average age to reach reproductive maturity is only one to two
years.

Figure 5. Photograph of a ~1.5” adult Quagga Mussel from Wikipedia
(https://commons.wikimedia.org/wiki/Dreissena_bugensis).
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Figure 6. Photograph of a ~2” adult Zebra Mussel from US Geological Survey
https://www.usgs.gov/media/images/zebra-mussel.
Assessment of Vulnerability
According to CDFW (L. Breck McAlexander, personal communication), the typical vector for
transmission of invasive mussels is via motorized boats. Motorized boats have never been
observed by County staff at the ponds and County Code 14.28.030 mandates that no motorized
vehicles are allowed without a permit. Nonetheless, since the ponds have public access and high
levels of dissolved calcium, any mussels that arrive in the ponds would find hospitable
conditions and therefore prevention is essential.
As of 2019, the closest location of a dreissenid-infested waterbody was San Justo Reservoir in
San Benito County, approximately 260 miles south of Mill Creek County Park. That distance is
not significant in terms of exposure of the Mill Creek Ponds to quagga and zebra mussels. The
continued expansion of these species to other waterbodies due to human activities represents a
threat that does not diminish with distance.
Dreissenid mussels can tolerate a wide range of habitat conditions in order to survive, grow and
reproduce. They can survive fairly high temperature and low dissolved oxygen levels, as well as
a wide range of pH levels. In the case of Mill Creek Ponds, the key variable determined by
CDFW to establish risk was the concentration of dissolved calcium in the water. Levels of
dissolved calcium above a threshold of 15 parts per million (ppm), also measured as 15
milligrams per liter (mg/L), are considered suitable for supporting invasive mussel growth and
reproduction. Water bodies with calcium concentrations greater than 24 mg/L will be easily
colonized by dreissenid mussels (R. Bireley, 2018).
Impacts
Once established, zebra and quagga mussels reproduce quickly and form dense mats that can
blanket infrastructure, water pipes, and boat hulls (Richter 2008) (McMahon 1996). In addition,
the vast quantity of these invasive organisms competes with native species for food, altering
water chemistry, clarity, fisheries and habitat. Adult dreissenid mussels can filter up to one liter
of water per day, increasing water clarity and benthic algal growth. The resulting increase in
water clarity may have negative impacts on native aquatic species adapted to more turbid water.
A dreissenid mussel infestation would create serious impacts to the Mill Creek Ponds and have
devastating effects on downstream aquatic habitats and communities. An infestation in Mill
Creek has the potential to move downstream into the mainstem Russian River, impacting water
9

quality, aquatic habitats, and infrastructure in a watershed that serves approximately 600,000
people in three counties.
Conditions at Upper Mill Creek Pond
Concentrations of dissolved calcium at Upper Mill Creek Pond were analyzed in 2018 and 2019
by L. Breck McAlexander, CDFW Northern Region Invasive Mussel Prevention Coordinator,
with the following results:
Table 1. Calcium concentrations, parts per million (ppm) at Upper Mill Creek Pond.
Sampling
Lat/long
4/26/18
8/9/18
6/6/19
Location
Upper Pond
39.1275°
64
41
66
Dam
-123.1300°
Upper Pond
39.1255°
62
65
Inlet
-123.1276°
39.1311°
Lower Pond
–123.1353°

9/6/19
45
49
50

The sample location at the upper pond’s dam was taken at the upstream side of the dam on the
north bank. Access to the water’s edge was achieved by walking from the nearby parking area to
the dam. The sample location at the upper pond’s inlet is at the east side of the pond near the
parking lot. Access to the water’s edge was achieved by walking along the trail from the parking
lot to the pond. The sample location at the lower pond was taken from the north bank by wading
through the cattails at the end of the trail.
Levels of dissolved calcium above a threshold of 15 ppm are considered suitable for supporting
invasive dreissenid mussels. With calcium concentrations in Upper Mill Creek Pond over four
times higher than the minimum threshold, introduction of dreissenid mussels would likely result
in widespread infestation in a short period of time. In addition, CDFW’s pH measurements of
Mill Creek Ponds (7.05 to 7.9) is also within the range that allows mussels to uptake calcium
effectively.

Vectors for Infestation
The Mendocino County Water Agency and Mendocino County Parks and Recreation have
identified four possible vectors for infestation:
1.
2.
3.
4.

Recreational swimming and boating, including fishing
CDFW annual fish planting
Dam floodgate inspection by DWR Division of Safety of Dams
Firefighting: helicopter bucket dips and suction hoses.

The following tables identify each pathway, describe their characteristics, and identify possible
management actions that can be taken to minimize infestation. Selected management actions that
will be implemented are identified in ‘Management of Recreational Activities, Including Public
Education and Outreach,’ below.
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Pathway: Recreational swimming and boating, including fishing; non-motorized only
Who:
The public
What: Visitors come from throughout the region for day-use recreation, however most
visitors are Mendocino County residents.
Where: Upper and Lower Mill Creek Ponds
When: Open for recreation year-round; visitation highest May-October from sunrise to
sunset.
Current efforts to prevent or mitigate an introduction: None
Potential management options to prevent or mitigate an introduction:
• Signage in English and Spanish on-site (see below)
• Public outreach at local events
• Article(s) in the local paper
• Page on County website
• Social media posts by the County of Mendocino (Facebook, Twitter, Instagram)
• Informational postcard at bait vendors and sporting goods stores
Education and outreach opportunities:
• Upper pond:
o Post permanent signs at the parking lots
o Post a permanent sign at fishing platform
o Post permanent sign(s) in the picnic area
• Lower pond:
o Post permanent signs at the trailhead and parking pullouts

Pathway: CDFW fish planting
Who:
CDFW
What: Fish planting of juvenile steelhead from Warm Springs Hatchery
Where: Upper Mill Creek Pond
When: Spring, yearly
Current efforts to prevent or mitigate an introduction: None
Potential management options to prevent or mitigate an introduction:
• Communication among agencies prior to fish planting
• Right of refusal by County of Mendocino for juvenile fish from suspected infested
waters.
• County should contact CDFW Warm Springs Hatchery to ensure protocols are in
place to prevent AIS infestations. (See “CDFW Hatchery Aquatic Invasive
Species Protocol” at https://www.wildlife.ca.gov/Fishing/Hatcheries.)
Education and outreach opportunities:
• Educating and training CDFW staff at fish rearing facilities regarding quagga and zebra
mussel ecology and detection.
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Pathway: Dam inspections and maintenance
Who:
California Department of Water Resources, Division of Safety of Dams
What: Dam maintenance
Where: Upper and Lower Mill Creek Ponds
When: Annual
Current efforts to prevent or mitigate an introduction: None
Potential management options to prevent or mitigate an introduction:
• All inspecting entities should adopt the CDFW Aquatic Invasive Species (AIS)
Decontamination Protocol, found at www.wildlife.ca.gov/Conservation/Invasives/
Quagga-Mussels. (DWR does not have an AIS protocol for dam inspection.)
• County should adopt the CDFW-AIS prevention protocol for all dam related activities
and require the protocol in all contracts related to dam maintenance and inspection.
• County should contact DWR to confirm protocols in place to prevent AIS infestations.
Education and outreach opportunities:
• When appropriate, provide educational materials to dam inspectors.
Pathway: Bucket dips and suction hoses from helicopters during fire-fighting response
Who:
CAL FIRE and fire response contractors
What: Water drafting for firefighting
Where: Upper Mill Creek Pond
When: Usually summer and fall months
Current efforts to prevent or mitigate an introduction: None
Potential management options to prevent or mitigate an introduction:
• All emergency and maintenance entities should adopt the CDFW Aquatic
Invasive Species (AIS) Decontamination Protocol.
• County will require the protocol in all contracts related to water withdrawals.
• County should contact CAL FIRE to ensure adherence to the “Guide to Preventing
Aquatic Invasive Species Transport by Wildland Fire Operations,”
https://www.nwcg.gov/publications/444.
Education and outreach opportunities:
• When appropriate, provide educational material to CAL FIRE and helicopter contractors.
Monitoring and Reporting Program for Adult and Juvenile Dreissenid Mussels
Below is the proposed monitoring schedule for Mill Creek Ponds. Mendocino County
Water Agency will regularly coordinate with CDFW to ensure this monitoring schedule is
accomplished.
A. Surface surveys
Surface surveys will take place once a month between May and October every year at
Upper Mill Creek Pond. Due to a heavily vegetated shoreline, the Lower Pond would be
difficult to complete surface samples. In addition, the results found in the Lower Pond
are unlikely to be significantly different than those found in the Upper Pond. The
sampling will be conducted by the Mendocino County Water Agency or a qualified
monitoring contractor for the Water Agency. The monitoring entity will follow the
protocol outlined by CDFW found in Appendix A.
B. Artificial Substrate Monitoring
Artificial substrate monitoring will take place six times, once per month between May
and October at both the Upper and Lower Mill Creek Ponds. The sampling will be
12

conducted by the Mendocino County Water Agency or by a qualified monitoring
contractor for the Water Agency. The monitoring entity will follow the protocol outlined
by CDFW found in Appendix B.
C. Plankton tow surveys
Plankton tow surveys will take place four times a year when water temperature is 12° to
28° C and will be conducted by CDFW at the Upper Pond only. CDFW protocols for
plankton tow surveys can be found in Appendix C.
D. Calcium concentrations
Calcium concentrations at both ponds will be measured three times a year by CDFW.
Table 2. Sample Schedule for the Monitoring Program of Mill Creek Ponds.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Surface
X
X
X
X
X
X
Artificial
X
X
X
X
X
X
Substrate
Plankton
X
X
X
X
Calcium
X
X
Table 3. Monitoring locations for each protocol in Upper Mill Creek Pond.
Waterbody: Upper Mill Creek Pond
Monitoring Method
Location(s)
Lat/Long
Frequency
Surface

Access locations in
shade along shoreline

Multiple

Monthly May
to October

Nov

Dec

X

Agency
MCWA

39.1273 Monthly May
MCWA
-123.1302* to October
39.1273 April, June,
Plankton Tow
Mid-dam
CDFW
-123.1302* Aug., Oct.
39.1273 April, Aug. &
Calcium
Mid-dam
CDFW
-123.1302*
Dec.
*Note that these coordinates were identified by CDFW staff as the appropriate monitoring
locations for future monitoring, and differ from the monitoring locations in Table 1. MCWA will
issue a key to the upper dam’s gate to CDFW for future sampling efforts.

Artificial Substrate

Mid-dam

Table 4. Monitoring locations for each protocol in Lower Mill Creek Pond.
Waterbody: Lower Mill Creek Pond
Monitoring Method
Location(s)
Lat/Long
Frequency
39.1310 Monthly May
Artificial Substrate
Mid-dam
-123.1352 to October
39.1310 April, Aug. &
Calcium
Mid-dam
-123.1352
Dec.

Agency
MCWA
CDFW

The Mendocino County Water Agency will submit an annual report including all monitoring data
to CDFW by March 31 of each year as required by CCR Title 14 Section 672.1 (b)(5) to
demonstrate the prevention program’s implementation. The report will include a summary of any
changes in the reservoir’s vulnerability, monitoring results, and management activities, and will
utilize CDFW’s report template.
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Public Education and Outreach
Prevention of dreissenid mussel colonization into Mill Creek Ponds will depend on a targeted
education and outreach strategy adopted by the County:
•
•
•
•
•
•

•
•

Website - Information based on the “Don’t Move A Mussel” campaign.
(www.dontmoveamussel.com) about invasive mussel prevention will be added to the
County of Mendocino website.
Public service announcements - The County will prepare public service announcements
to be read on local radio stations.
Newspaper articles - Press releases and other informational articles will be distributed to
local newspapers.
Contract language for cooperating agencies - Contract language for cooperating agencies
that perform any activities with the Mill Creek Ponds will include provisions for
preventing mussel contamination.
Public materials - Handouts and postcards with the Don’t Move A Mussel information
will be made available at sporting goods stores.
Sign in English and Spanish will be posted at multiple locations at the Mill Creek Ponds:
o Upper pond:
 Post permanent signs at the parking lots
 Post permanent sign at fishing platform
 Post permanent sign(s) in the picnic area
o Lower pond:
 Post permanent signs at the trailhead
Public events:
County staff will provide handouts for public events attended by County departments,
such as the Bookmobile and the Ukiah Valley Russian River Cleanup.
Social media:
The County of Mendocino will use its social media accounts (Facebook, Twitter,
Instagram) to promote the Don’t Move A Mussel message.

In order to coordinate prevention efforts regionally, signage and handouts will be complementary
to the designs by Sonoma Water at Lake Mendocino. Examples of Sonoma Water’s outreach
materials can be found in Appendix E.
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Appendix A. Quagga/Zebra Mussel Surface Survey Protocol*
California Department of Fish and Wildlife
*This protocol was adapted from the California Department of Water Resources Zebra/Quagga Mussel Surface Survey Protocol.

Description of Quagga and Zebra Mussels
The quagga mussel, Dreissena rostriformis bugensis, and the zebra mussel,
Dreissena polymorpha, are small mussels found only in freshwater. They look very
similar to each other. They commonly have alternating light and dark brown stripes,
but can also be solid light brown or dark brown. They have 2 smooth shells that are
shaped a little bit like the letter “D”. These mussels are usually less than 2 inches in
length. In new populations, most mussels are young and therefore very small (under
¼ inch long).
Quagga Mussel
Dreissena bugensis

Shell: D-shaped and triangular;
thin, fragile; smooth or shallowly
ridged; solid light to dark brown or
dark concentric rings; paler near
hinge
• Attaches to hard and soft surfaces
•

Zebra Mussel
Dreissena polymorpha

Shell: D-shaped and triangular;
thin, fragile; smooth or shallowly
ridged; solid light to dark brown or
striped
• Attaches to hard surfaces
•

Color variation in quagga and zebra mussels
Quagga and zebra mussels are freshwater mussels that can physically attach onto hard
substrates. Like the mussels found clinging to the rocks along the California coastline,
quagga and zebra mussels attach onto hard surfaces (e.g. pipes, screens, rock, logs,
boats, etc.). They form colonies made up of many individuals attached onto an object
and even onto each other. Small newly settled mussels feel like gritty sandpaper when
attached to a smooth surface. Larger mussels will feel coarser (like a small pebble or
sunflower seed) or be visually apparent.
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Other Organisms Mistaken for Quagga/Zebra Mussels
Asian clam, Corbicula fluminea
People often mistake the very common Asian clam (also introduced) for quagga or
zebra mussels. The Asian clam is widespread and abundant in California. It is brown
and has ridges in concentric rings on its shells. The shells of older clams or of dead
clams are white at the hinge (where the two shells join together). These clams do not
attach onto surfaces. They live in mud or sand.

Asian clam

Snails and Freshwater Limpets
Small snails and freshwater limpets cling to hard substrates and can be mistaken for
small juvenile mussels. They are similar in color and size to small quagga and zebra
mussels. Snails have a spiral shape. Limpets have one shell and are flat. Quagga
and zebra mussels attach on the edge of their shell and stick up and away from the
surface.
Snail

Snails

Limpets

Visual and Tactile Search for Quagga and Zebra Mussels
Gently run fingers over smooth surfaces, checking for gritty feeling or small “seed-like”
or “pebble-like” objects. Areas likely to harbor mussels, if they are present, include:
-

Dock flotation, buoys, mooring line, cables, rocks, concrete, logs/driftwood,
vegetation, and anything that has been in the water for a long time.
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-

Pull up and inspect any substrate that is under water.
Trap lines and any line or cable hanging in water.

Visually inspect all hard and soft substrates. Fan areas covered with silt to expose
mussels.
Inspect dark areas (dark substrates and low light/shaded areas). Do not disturb private
vessels or property.
Prime Areas to Search
Quagga and zebra mussels prefer dark substrates and low light/dark areas. They prefer
concrete over other substrates. Search areas at or near boat ramps, gas dock, dock
near marina store, other docks in high traffic areas, all concrete structures, and low flow
areas.
Minimum Sample Size
The minimum number of linear feet to be searched per substrate is defined below. You
can stop before meeting the minimum linear feet if quagga/zebra mussels are found in 3
or more locations within the survey location, or if all available substrate has been
searched.
-

Boat ramp bottom – 100ft if the ramp is at a marina, 200ft if the ramp is the only
structure at the survey location.
Shoreline - 100ft if at a marina, 200ft if at a survey location with only a boat ramp
Dock - 200ft
Mooring/dock lines (portion hanging in water) - 200ft
Anchor/dock cable or chain (portion under water) - 100ft
Concrete structures - 100ft
Logs and woody debris – 100ft
All accessible buoys

Make a notation in “Comments” section if minimum sample size requirements could not
be met.
If Mussels are Found
Record the lat/long (in decimal degrees and use WSG 84) of the mussels’ location(s)
and mark/describe location(s) on the back of the datasheet. Record the type of
substrate(s) the mussel(s) was found on (for example, concrete, plastic, rope, chain,
buoy, etc).
Make counts of mussels at up to 3 locations within the survey site. If more locations are
found, make a note in the “Comments” section.
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At each of the 3 mussel locations, take density estimates using one or both methods:
- Petri dish: place Petri dish over surface. Count all mussels within circle.
- Ruler: place ruler adjacent to mussels. Count all mussels within one inch of
ruler.
- If you cannot see the mussels, count the mussels using touch. If entire ruler
cannot be placed on surface, record the length of the ruler used.
- Collect 5 density estimates per mussel location.
Collect specimens (4-5). Place in Ziploc bag with label. Label should include location,
lat/long, date, and name of collector. Seal and keep dry or put in freezer. Do not put
water in the bag.
If other species of clams or mussels are found, collect specimens (1-2) and place in bag
with collection label. Seal and keep dry or put in freezer. Do not put water in the bag.
Data Recording and Reporting
Datasheets are available at:
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=4949
If mussels are found, immediately contact the appropriate CDFW regional mussel
contact.
Every time a survey is made the data must be recorded on a datasheet before leaving
the field. Absence information is as important to document as presence, so complete
and submit a datasheet even if no mussels were found. Send datasheets to the
appropriate CDFW regional contact. All data will be entered into a data reporting
system and the datasheets will be retained on-site.

CDFW Regional Scientist Contacts
For the current list of CDFW’s Regional Quagga/Zebra Mussel Scientists and their
contact information, please visit CDFW’s quagga/zebra mussel webpage at
www.wildlife.ca.gov/mussels, or download the contact list here:
http://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=4955.
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Quagga/Zebra Mussel Surface Survey Data Sheet
(Use Pencil Only)
Waterbody

Date

Location

Crew

/

/

(Decimal Degrees, WSG 84)

GPS

Secchi
Depth

Wave
Chop

# Linear Meters of:
Boat Ramp Bottom
(30 m at marina, 60 m at ramp only)

Shoreline
(30 m at marina, 60 m at ramp only)

Dock (60 m)

Concrete Structures (30 m)

Mooring Line (60 m)
Logs/Woody Debris (30 m)
Anchor/Dock Cable (30 m)

Other

% of Dock/Marina/Boat Ramp Searched

Quagga/Zebra Mussels Present? Y / N
Exact GPS Location
(if isolated occurrences):

Specimens Collected? Y / N
Mussel Density (# of mussels):

Method
(circle one):

1

Ruler / Petri
Ruler Length (if < 0.5 m)
Substrate Type

2

Ruler / Petri
Ruler Length (if < 0.5 m)
Substrate Type

Ruler / Petri

3
Ruler Length (if < 0.5 m)
Substrate Type
Corbicula Clams Present? Y / N
Other Mussel/Clam Species Present? Y / N

Snails Present? Y / N
Specimens Collected? Y / N
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Quagga Mussel
Dreissena rostriformis bugensis

Zebra Mussel
Dreissena polymorpha

• Shell: D-shaped and triangular; thin, fragile;
smooth or shallowly ridged; solid light to dark
brown or dark concentric rings; paler near hinge
• Attaches to hard and soft surfaces

• Shell: D-shaped and triangular; thin, fragile;
smooth or shallowly ridged; solid light to dark
brown or striped
• Attaches to hard surfaces

Asian Clam
Corbicula fluminea

Ridge
No ridge

Byssal
groove

Asymmetrical;
curved midventral line;
shells do not join together tightly

Byssal
groove

• Shell: fan-shaped and symmetrical; thick,
hard; deep ridges; solid light to dark brown;
may have a white patch near hinge
• Burrows into sand or mud; never attaches to
structures
• Dead shells often found along shoreline

Bilaterally symmetrical;
join together in a midventral line

Map of sampling location:
Place empty circles (
) in areas that were surveyed but no mussels were found. Place circles with plus sign (
mussels were found, and number 1, 2, or 3 to correspond to GPS coordinates.

) where

Did weather conditions negatively affect sampling conditions? Y / N
Comments
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Appendix B. Quagga/Zebra Mussel Artificial Substrate Monitoring Protocol*
California Department of Fish and Wildlife
*This protocol was adapted from the California Department of Water Resources Monitoring Instructions for Zebra/Quagga Mussel
Plate Samplers, April 2, 2008.

Description of Quagga and Zebra Mussels
The quagga mussel, Dreissena rostriformis bugensis, and the zebra mussel,
Dreissena polymorpha, are small mussels found only in freshwater. They look very
similar to each other. They commonly have alternating light and dark brown stripes,
but can also be solid light brown or dark brown. They have 2 smooth shells that are
shaped a little bit like the letter “D”. These mussels are usually less than 2 inches in
length. In new populations, most mussels are young and therefore very small (under
¼ -inch long).
Quagga Mussel
Dreissena bugensis

Shell: D-shaped and triangular;
thin, fragile; smooth or shallowly
ridged; solid light to dark brown or
dark concentric rings; paler near
hinge
• Attaches to hard and soft surfaces
•

Zebra Mussel
Dreissena polymorpha

Shell: D-shaped and triangular;
thin, fragile; smooth or shallowly
ridged; solid light to dark brown or
striped
• Attaches to hard surfaces
•

Color variation in quagga and zebra mussels
Quagga and zebra mussels are freshwater mussels that can physically attach onto hard
substrates. Like the mussels found clinging to the rocks along the California coastline,
quagga and zebra mussels attach onto hard surfaces (e.g. pipes, screens, rock, logs,
boats, etc.). They form colonies made up of many individuals attached onto an object
and even onto each other. Small newly settled mussels feel like gritty sandpaper when
attached to a smooth surface. Larger mussels will feel coarser (like a small pebble or
sunflower seed) or be visually apparent.
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Other Organisms Mistaken for Quagga/Zebra Mussels
Asian clam, Corbicula fluminea
People often mistake the very common Asian clam (also introduced) for quagga or
zebra mussels. The Asian clam is widespread and abundant in California. It is brown
and has ridges in concentric rings on its shells. The shells of older clams or of dead
clams are white at the hinge (where the two shells join together). These clams do not
attach onto surfaces. They live in mud or sand.

Asian clam

Snails and Freshwater Limpets
Small snails and freshwater limpets cling to hard substrates and can be mistaken for
small juvenile mussels. They are similar in color and size to small quagga and zebra
mussels. Snails have a spiral shape. Limpets have one shell and are flat. Quagga
and zebra mussels attach on the edge of their shell and stick up and away from the
surface.
Snail

Snails

Limpets

Artificial Substrate Construction and Assembly
To construct the artificial substrate you will need the following materials cut to size:
(4) 6” x 6” x 0.25” black/grey PVC with 1” hole through center
(5) 1.5” x 1.375” (35mm) exterior diameter PVC or ABS tube
(1) 8.5” x 0.8125” (21 mm) exterior diameter PVC or ABS tube
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~25 ft plastic coated cable or rope
Some form of attachment to keep plates from floating up
Weight
Laminated label with your contact information
To assemble the substrate, run the cable or rope through the 8.5” tube and secure at
one end. From the loose end of the rope string on the remaining pieces, alternating
between the short segments of tube and the plates, beginning and ending with the short
tubes (see figure). Secure the top tube to the rope to prevent the pieces from floating
up. If necessary, attach a weight to the bottom of the assembly. Attach the label to the
cable where the cable is secured to the structure.

California Department of Fish and Wildlife

Biological Research
PLEASE DO NOT DISTURB
For information about this study please contact:
Bob Smith, Environmental Scientist
(XXX) XXX-XXXX
Example of a label

Selection of Monitoring Site
Quagga and zebra mussels are transported between waterbodies by watercraft (e.g.,
boats, wave runners, etc.), water diversions, and the natural downstream flow of a river
system. Monitoring sites are selected with these factors in mind. Prime sites are areas
with high boat traffic and downstream of source water. If you are sampling at a
waterbody that allows boating, select a site that has a lot of boat traffic. Examples are
boat ramps, gas docks or dockside marina stores. Then find a location with low flow and
protection from vandalism. Marinas often offer all of these features. Within a marina,
find a location with restricted public access. Avoid placing the artificial substrate at
unsupervised boat ramps because of tampering by the general public and entanglement
with the dock cabling system when the water level changes or the ramp is moved. If
these types of structures are not available, find a site downstream of the boat traffic that
offers as much protection from vandalism as possible. Examples include water quality
monitoring stations or towers and government agency boathouses. Always ask for
permission before attaching artificial substrates to structures. Again, find a location that
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offers protection from vandalism and has low flow.
Deployment and Inspection of the Artificial Substrate
Depending on water clarity and depth, the artificial substrate should be set below the
euphotic zone (below the depth of light penetration) or 6 feet, whichever is deeper, and
at least two few feet above the bottom. One to two substrates are deployed per site. If
the site is shallower than 2 m, then raise the substrate about 0.5 m (2 ft) off of the
bottom. Record the actual sampling depth. At sites that are deep and have little vertical
mixing, a second substrate is installed at a depth of approximately 15 meters (50 feet)
below the surface (or 1 meter off the bottom if the depth is less than 15 meters).
A visual and tactile examination of the artificial substrate is conducted every month for
attached quagga and zebra mussels. When mussels first attach they are very small
(invisible to the naked eye) and are very delicate (shells are thin and easily crushed). A
single mussel may feel like a grain of sand. If many mussels cover a surface, the
surface feels gritty like sandpaper. In approximately 1 to 2 months a mussel grows
large enough (1/4 inch) to be seen upon close inspection, but the shell is still very
delicate. At this size it feels like a small pebble or sunflower seed.
To check an artificial substrate, first carefully lift it out of the water and place it in a large
plastic tub (the tub will capture any mussels that fall off). Avoid knocking the substrate
as you pull it out of the water because you may dislodge or crush any attached mussels.
First visually inspect each plate (top, bottom, and sides), the spacers, the cable and the
weight. After looking closely, attempt to gently push any attached organism that might
be a mussel. Freshwater limpets and snails easily move or slide across the plate.
Quagga and zebra mussels stick in place or are more securely attached. In all cases, if
in doubt, bag it.
If no mussels are detected, lower the substrate back into the water and check again in a
month. Quagga and zebra mussels are more likely to attach to a substrate that has
some algal growth, however if the substrate becomes too heavily coated it may be
unsuitable for mussel settlement. As necessary, gently remove heavy accumulations of
algae to maintain suitable conditions for settlement.
Specimen Collection
If you suspect you have found a mussel immediately contact the appropriate CDFW
regional mussel contact. To aid identification, first take a close-up digital photograph of
each specimen. Next, collect the specimen(s) and place in a vial with
70% ethanol. Label the vial with location, date, and name of collector. If ethanol is not
available, place the sample in a rigid container (to prevent crushing) without water,
label, and refrigerate. E-mail the photos to the CDFW contact and they will attempt to
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identify the specimens from the photographs, but may request the actual specimen(s)
to make a positive identification.
If the entire artificial substrate needs to be retained for laboratory processing, place the
entire unit in a large Ziplock bag or small garbage bag and keep it in a cooler with ice
while in the field. Store the substrate in the freezer until ready to mail. Mail it “overnight
delivery” on ice.
Replacement of Artificial Substrate
Replace a missing or broken artificial substrate with a new one. If the substrate is
repeatedly lost or damaged look for a new deployment site that offers more protection.
Report any incidents and the action(s) taken.
To prevent any possibility of contamination between monitoring sites (should mussels
be present and not yet detected), never take a substrate from one site and place it at a
different site (even within a single waterbody).
Data Recording and Reporting
Every time an artificial substrate is checked the data must be recorded on a datasheet
before leaving the field. Absence data is as important to document as presence, so
complete and submit a datasheet even if no mussels were found. Send datasheets to
the appropriate CDFW regional contact. All data will be entered into a data reporting
system and the datasheets will be retained on-site.
CDFW Regional Scientist Contacts
For the current list of CDFW’s Regional Quagga/Zebra Mussel Scientists and their
contact information, please visit CDFW’s quagga/zebra mussel webpage at
www.wildlife.ca.gov/mussels, or download the contact list here:
http://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=4955.
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Artificial Substrate Datasheet: California Department of Fish and Wildlife
(One datasheet for each artificial substrate)

Collection Information
Date:
Waterbody:
Substrate location (GPS or site description):
Substrate depth (meters):
Collector(s):

Affiliation:

Contact information (email or phone # if not CDFW):
Substrate
Substrate (circle one): Present

Missing

Condition (circle one): Intact

Damaged

Comments:
Mussels
Mussels (circle one): Present

Absent

Species (circle one):

Quagga

Zebra

Unknown

Total # of mussels on each part of substrate

Where (circle all that apply):
Plate surface
Plate edge
Spacers
Rope (depth
Other (
Plate dimensions (units):

)
_)
x

( )

Plates:

Plate area (multiply plate dimensions):
Number of mussels

Density (# of mussels ÷ area)

Side 1 (top side of top plate)
Side 2 (bottom side of top plate)
Side 3 (top side of second plate)
Side 4 (bottom side of second plate)
Side 5 (top side of third plate)
Side 6 (bottom side of third plate)
Side 7 (top side of bottom plate)
Side 8 (bottom side of bottom plate)
Additional Information
Other organisms present:
Comments:

Return completed datasheets to the appropriate California Department of Fish and Wildlife Regional
office.
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Appendix C. Quagga/Zebra Mussel Plankton Tow Sampling Protocol
California Department of Fish and Wildlife

Purpose of Sampling:
Plankton tow sampling is a form of early-detection monitoring for quagga and/or zebra
mussel veligers, the planktonic, larval life stage, whereby small organisms (plankton) are
collected by pulling a fine-mesh net through the water column (referred to as a “tow”).
The plankton collected is then analyzed in a laboratory for the presence of veligers using
cross-polarized light microscopy (CPLM) and/or DNA using polymerase chain reaction
(PCR) analysis. To optimize the potential for detecting veligers, if present, plankton tows
should follow a standardized sampling method, sample a large volume of water, and
target the months (water temperatures) and locations where veligers are most likely to
occur. Of equal importance, samples must be preserved and handled properly in order to
maintain their integrity so analysis yields accurate results.
To enhance early-detection, monitoring for adult mussels should be conducted along
with plankton tow sampling. Monitoring for adult mussels can be conducted through
monthly inspections of artificial substrate samplers and by surveying surfaces of
shoreline, multiple habitat types, and structures located in high use areas. Separate
protocols for these methods are available at www.wildlife.ca.gov/mussels.
When and Where to Sample:
Water Temperature
Plankton monitoring is typically conducted when water temperatures are between 9°C 18°C (48°F - 64°F), when spawning is occurring. In warmer regions, where water
temperatures remain within this range throughout the year, mussels can spawn year
round. It is recommended tows be conducted monthly when temperatures are conducive
to spawning.
Locations
Veliger distribution can be highly localized; therefore sampling should occur at multiple
sites throughout the waterbody to increase the potential for detection. Sampling sites
should include areas of high use and likely sites of mussel introductions, such as around
docks, boat launch ramps, floating restrooms, marinas, at inlets and outlets of the
waterbody (mouths of tributaries; dams), and in downwind areas and eddies (which can
be identified by accumulation of leaves, pollen, and debris on the surface of the water).
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Depth
To increase the probability of capturing veligers if they are present, tows from
depths of 15 meters are recommended.
Number of Sites and Number of Tows
The number of sites within a waterbody should be based on the size of the waterbody,
but a minimum of three sites is recommended. A minimum total volume of 1000 liters
of water should be filtered through the net per site. Therefore, the number of tows
needed at each site should be determined by the diameter of the net used and the
depth of each tow. Based on the diameter of the net, corresponding plankton net area
(m2) (Table 1, Appendix B), and the depth of each tow, the number of tows needed per
site to filter 1000 liters can be calculated using the equation provided in Appendix B.
Summary of Sampling Recommendations
Parameter

Recommendation

Water temperature

9°C - 18°C (48°F - 64°F)

Locations

Around floating structures, marinas, inlets
and outlets, coves, down-wind areas and
eddies

Depth

0 – 15 m (0 – 50')

Number of sampling sites per waterbody

Variable; based on size of waterbody,
minimum of 3

Number of tows per sampling site

Variable; based on depth and net size

Total volume sampled

Minimum 1000 liters (264 gallons) per site

Disclaimer: recommendations of equipment and supplies by brand or vendor are
made only for the convenience of the user. Recommendations are not an
endorsement and equipment or supply items of other brands that are offered by
vendors may work just as well.
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Equipment and Supplies:
Plankton tow net – 63 or 64 micron mesh size
- 8 inch diameter (WildCo part number 426-A28 recommended)
- 12 inch diameter (Aquatic Research Instruments simple plankton
net recommended)
Tow rope – 100 foot minimum with 1 or 5 meter graduation marks
Ballast weight – optional, use if needed
Collection/sample bottles – plastic wide mouth 250 or 500 mL capacity
Sample labels – Environmental Sampling Supply 2 X 3 inches, part no.
0203-5000 recommended (labels are sometimes provided with a bottle order)
Ink pen/pencil
Plankton Sample Datasheets; Appendix D (for internal data
collection/management)
CDFW Shellfish Health Lab sample submission/chain of custody (COC) form;
Appendix E (for samples being submitted CDFW’s Shellfish Health Lab)
Notebook/ notepad
Sharpie-type marker
Hand calculator
Spool for tow rope
Carabineer
Eighteen (18) gallon Rubbermaid tote with lid – 23.9 X 15.9 X 16.5 inch
White vinegar (approximately 5% acetic acid)
Household bleach (approximately 6% hypochloride)
Spray bottle 32 oz. (grey Spraymaster type recommended)
Measuring cup with graduations for milliliters or ounces
Zip lock bags – 1 gallon
Ruler with 1 mm graduations
Non-denatured ethanol (200 proof)
Baking soda, 4% solution in distilled water (W/V)
pH paper (Whatman type CF pH range 4.5 – 10 recommended)
Blue ice or gel packs
Cooler – large enough to retain all samples
Boat
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Optional Equipment and Supplies:
Bucket, 1-5 gallons
Tools and tool box
Camera
Depth finder
Multi-parameter water quality meter
GPS unit
Write-in-the-rain paper
Clip board
Cell phone
Personal floatation devices
First aid kit
Fire extinguisher
Batteries, all size

Equipment Preparation Prior to Collection
1. Decontaminate nets and related equipment before use. The decontamination
protocol is provided in Appendix A.
2. If necessary affix a ballast weight to the net assembly.
3. Options for marking the tow rope:
A. Measure the tow rope in 1 or 5 meter intervals
B. Using a Sharpie type marker or labeling tape mark the rope at 1 or
5 meter intervals (markers can bleed or run during the
decontamination process).
C. Or, electrical shrink wrap can be used to mark the rope at 1 or 5
meter intervals.
a. To do this obtain electrical shrink wrap slightly larger than the
rope’s diameter
b. Cut the shrink wrap in inch segments
c. Measure and mark the rope with a pen at 1 or 5 meter
intervals
d. Slide the appropriate number of shrink wrap segments on the
rope
e. Place one over each marked meter
f. Heat the shrink wrap with a blow torch or hair dryer (the heat
will shrink the wrap in place)
4. It is highly recommended that the tow rope be loaded onto a spool.
5. Blue ice / gel packs need to be frozen.
6. A refrigerator must be available for storage after collection.
7. Prepare 4% baking soda solution per Appendix B.
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Vertical Tow Protocol
Note: A minimum of 1000 liters should be filtered from a given site. See
Appendix B for example calculations.
1. If using a net with a valve, make sure the valve is closed; lower the net off
the side of the boat perpendicular to the surface of the water.
Lower the net 15 meters or 1 meter above the bottom, whichever is
deeper.
2. Count the graduation marks and record the depth of the net. Depth distance
information is needed to determine the volume of water sampled.
3. Do not allow the net to contact the bottom of the water body.
Touching the bottom will clog the net. If this happens, draw the net back up
to the surface and thoroughly wash all of the material off. Do not dispense
any of the bottom material into the sample bottle.
4. Pull the net up at a rate of about ½ meter per second. Pulling at a faster rate
will create a wave in front of the net that will reduce filtering efficiency and
may also damage veligers.
5. As the net is drawn towards the surface, maintain vertical alignment so that
the center axis of the net is perpendicular to the surface of the water.
6. After the net is drawn above the water line slowly dip the net in and out of
the water several times while maintaining vertical alignment to wash any
material clinging to the inner surface of the net into the cod end. Do not
submerge the bridle ring while dipping the net.
7. Depending on how the cod end is configured, dispense or decant the tow
material into the sample bottle.
Repeat steps 1-7 until a minimum of 1000 liters of water has been filtered
through the net.
8. Label the bottle with the waterbody, site name, date/time and name of
collector, preservation type, analysis type, and agency.
9. Complete the Plankton Sample Datasheet in Appendix D for internal
collection/maintenance of field data.
10. Complete the Lab Submission Form located at the end of Appendix E for
all samples being submitting to CDFW’s Shellfish Health Lab. This form is
not required for samples submitted to external labs.
11. Place the bottle in a cooler with gel packs or blue ice.
12. Continue to the next site.
Samples must remain chilled to prevent degradation. Samples should be
preserved in the parking lot per the preservation protocol found in Appendix C.
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Horizontal Tows
Vertical tows are preferred over horizontal tows. However, horizontal tows may be
required when sampling shallow water.
1. If the water is stagnant or the flow rate is slow, the net can be pulled in
a horizontal direction with the net below the surface. A ballast weight
may have to be attached to keep the net submerged.
2. The total length of the tow can be determined using the graduation marks
on the tow rope.
3. See Appendix B for example calculations.
4. Complete the Plankton Sample Datasheet in Appendix D for internal
collection/maintenance of field data.
5. Complete the Lab Submission Form located at the end of Appendix E for all
samples being submitting to CDFW’s Shellfish Health Lab. This form is not
required for samples submitted to external labs.
Sample Identification
1. Samples need to be marked for identification when received at the
Shellfish Health Lab. Adhesive labels should be used and information should
be recorded with permanent ink. Ethanol used for preservation will cause ink
to run; therefore, ethanol must be kept off any labels or identification
markings. It is recommended that bottles be marked with a waterbody and
site name (use of abbreviations is ok), preserved, and then have the label,
with more detail, placed on each bottle.
2. Include a lab sample submission/chain of custody (COC) form with
all shipments and deliveries.
A copy of the CDFW Shellfish Health Lab submission form is included in
this document at the end of Appendix E. Important information to include
is: date of collection, the collector’s name, waterbody name, description of
locations, GPS data or waypoint, total tow depth, water depth, net hoop
diameter, time and means of preservation, and both storage condition and
storage location prior to shipment.
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CDFW Regional Scientist Contacts
For the current list of CDFW’s Regional Quagga/Zebra Mussel Scientists and their
contact information, please visit CDFW’s quagga/zebra mussel webpage at
www.wildlife.ca.gov/mussels, or download the contact list here:
http://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=4955.
Appendices
A. Decontamination protocol for equipment used to collect plankton
samples for quagga and zebra mussel larvae detection analysis
B. Reagent preparation and plankton tow calculations
C. Plankton tow preservation protocol for the detection of quagga and
zebra mussel veliger larvae
D. Plankton sample datasheet
E. Sample submission guidelines and sample submission form
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Decontamination protocol for equipment used to collect
plankton tow samples for quagga and zebra mussel larvae
detection analysis
After the tow samples have been collected from a water body all equipment coming into
contact with the water must be decontaminated prior to use elsewhere. For thorough
decontamination, equipment will have to be soaked in an acetic acid solution (vinegar)
and then sprayed with a 10% bleach solution. The vinegar dissolves the veliger’s shell
but will not denature DNA. The bleach will denature DNA but will not dissolve shells.
Therefore, the vinegar must be used before the bleach so DNA will be exposed to the
denaturing bleach. Vinegar and bleach can present safety hazards if
not used properly. Material Safety Data Sheets (MSDS) are included at the end of this
appendix for both vinegar and bleach. Heed all MSDS precautions and follow all MSDS
procedures, practices, safeguards and requirements when using vinegar and bleach.
Protocol:
1. Place items to be decontaminated in the 18 gallon Rubbermaid tote.
2. Fill the tote with enough household vinegar to completely cover all of the
items.
3. Soak the items in vinegar for a minimum of 2 hours (24 hours is preferred).
4. After soaking in vinegar thoroughly rinse the items in tap water.
5. Spray the items with a 10% bleach solution and allow the items to sit for
15 minutes.
6. Alternatively, a 10% bleach solution can be prepared in a Rubbermaid tote or a
similar type of container and used to soak items for 15 minutes following the
vinegar soak.
7. After the bleach treatment, thoroughly rinse all of the items off with tap water
and allow them to air dry.
The vinegar can be reused multiple times. It’s recommended that vinegar be poured
back into the original container for storage. The vinegar should be periodically
checked with pH test strips to make sure the pH level remains at approximately 2 to 3.
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Material Safety
Data Sheet

The Clorox Company
1221 Broadway
Oakland, CA 94612
Tel. (510) 271-7000

I Product:

CLOROX REGULAR-BLEACH

Description:
Other Designations

CLEAR, LIGHT YELLOW LIQUID WITH A CHARACTERISTIC CHLORINE ODOR

Clorox Bleach
EPA Reg. No. 5813-50

Distributor

Emergency Telephone Nos.

Clorox Sales Company
1221 Broadway
Oakland, CA 94612

For Medical Emergencies call:
(800) 446-1014
For Transportation Emergencies Chemtrec
(800) 424-9300

II Health Hazard Data

III Hazardous Ingredients

DANGER: CORROSIVE. May cause severe irritation or damage to eyes and
skin. Vapor or mist may irritate. Harmful if swallowed. Keep out of reach of
children.
Some clinical reports suggest a low potential for sensitization upon exaggerated
exposure to sodium hypochlorite if skin damage (e.g., irritation) occurs during
exposure. Under normal consumer use conditions the likelihood of any adverse
health effects are low.

Ingredient
Sodium hypochlorite
CAS# 7681-52-9
Sodium hydroxide

Concentration
5 - 10%
<1%

CAS# 1310-73-2

Exposure Limit
Not established
2 mg/m1
2

2 mg/m

Medical conditions that may be aggravated by exposure to high concentrations
of vapor or mist: heart conditions or chronic respiratory problems such as
asthma, emphysema, chronic bronchitis or obstructive lung disease.
FIRST AID:
Eye Contact: Hold eye open and rinse with water for 15-20 minutes. Remove
contact lenses, after first 5 minutes. Continue rinsing eye. Call a physician.
Skin Contact: Wash skin with water for 15-20 minutes. If irritation develops, call
a physician.
Ingestion: Do not induce vomiting. Drink a glassful of water. If irritation
develops, call a physician. Do not give anything by mouth to an unconscious
person.
Inhalation: Remove to fresh air. If breathing is affected, call a physician.

1

ACGIH Threshold Limit Value (TLV) - Ceiling

2

OHSA Permissible Exposure Limit (PEL) – Time Weighted Average (TWA)

None of the ingredients in this product are on the IARC, NTP or OSHA
carcinogen lists.

IV Special Protection and Precautions

V Transportation and Regulatory Data

No special protection or precautions have been identified for using this product
under directed consumer use conditions. The following recommendations are
given for production facilities and for other conditions and situations where there
is increased potential for accidental, large-scale or prolonged exposure.

DOT/IMDG/IATA - Not restricted.

Hygienic Practices: Avoid contact with eyes, skin and clothing. Wash hands
after direct contact. Do not wear product-contaminated clothing for prolonged
periods.
Engineering Controls: Use general ventilation to minimize exposure to vapor or
mist.

EPA - SARA TITLE III/CERCLA: Bottled product is not reportable under
Sections 311/312 and contains no chemicals reportable under Section 313.
This product does contain chemicals (sodium hydroxide <0.2% and sodium
hypochlorite <7.35% ) that are regulated under Section 304/CERCLA.
TSCA/DSL STATUS: All components of this product are on the U.S. TSCA
Inventory and Canadian DSL.

Personal Protective Equipment: Wear safety goggles. Use rubber or nitrile
gloves if in contact liquid, especially for prolonged periods.
KEEP OUT OF REACH OF CHILDREN

VI Spill Procedures/Waste Disposal

VII Reactivity Data

Spill Procedures: Control spill. Containerize liquid and use absorbents on
residual liquid; dispose appropriately. Wash area and let dry. For spills of
multiple products, responders should evaluate the MSDS’s of the products for
incompatibility with sodium hypochlorite. Breathing protection should be worn in
enclosed, and/or poorly ventilated areas until hazard assessment is complete.

Stable under normal use and storage conditions. Strong oxidizing agent.
Reacts with other household chemicals such as toilet bowl cleaners, rust
removers, vinegar, acids or ammonia containing products to produce hazardous
gases, such as chlorine and other chlorinated species. Prolonged contact with
metal may cause pitting or discoloration.

Waste Disposal: Dispose of in accordance with all applicable federal, state, and
local regulations.

VIII Fire and Explosion Data

IX Physical Data

Flash Point: None

Boiling point............................................................. approx. 212°F/100°C
Specific Gravity (H 0=1) ............................................................... ~ 1.1 at 70oF

Special Firefighting Procedures: None

2

Unusual Fire/Explosion Hazards: None. Not flammable or explosive. Product
does not ignite when exposed to open flame.

Solubility in Water.......................................................................... complete
pH .................................................................................................... ~11.9

©1963, 1991 THE CLOROX COMPANY

DATA SUPPLIED IS FOR USE ONLY IN CONNECTION WITH OCCUPATIONAL SAFETY AND HEALTH

DATE PREPARED 08/09
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Fisher Science Education
6771 Silver Crest Road, Nazareth, PA 18064 (800) 955-1177
Emergency Number: (800) 255-3924

Material Safety Data Sheet
Section 1 – Chemical Product and Company Identification
Catalog Numbers: S25623
Product Identity: Distilled White vinegar 5%
Chemical Family: Not Applicable
Synonyms: No Information Available
Recommended Use: Laboratory chemicals
Manufacturer’s Name: AquaPhoenix Scientific, Inc., 9 Barnhart Dr., Hanover, PA 17331, (866) 632-1291
Emergency Contact Number (24hr): Chemtel (800) 255-3924
Issue Date: 01/03/07
Revision Date: 02/19/12, 08/03/12
Section 2 – Hazard Identification
Emergency Overview: If ingested give large quantities of water. Get medical attention. Wash areas of
contact for at least 15 minutes.
Appearance: Clear, colorless liquid
Odor: Vinegar-like
Target Organs: Eyes, skin, respiratory system, teeth.
Potential Health Effects/ Routes of Exposure:
Eyes: Causes irritation, redness, pain, tearing.
Skin: Causes irritation, redness and pain.
Ingestion: May cause irritation of the digestive tract.
Inhalation: Not likely to be a hazard by inhalation.
Chronic Effect / Carcinogenicity: None (IARC, NTP, OSHA)
Aggravated Medical Conditions No information Available.
These chemicals are considered hazardous by OSHA.
See section 11 for toxicological information. See section 12 for potential environmental effects.
Section 3 – Composition, Information on Ingredients
Acetic Acid, CAS# 64-19-7, 5% v/v
Water, purified, CAS# 7732-18-5, 95% w/v
Section 4 – First Aid
Eyes: Immediately flush eyes with water for at least 15 minutes. Get medical assistance immediately.
Skin: Flush with water for 15 minutes. Get medical assistance if irritation develops.
Ingestion: DO NOT induce vomiting. Dilute with water or milk. Get medical assistance.
Inhalation: Remove to fresh air. Give artificial respiration if necessary. If breathing is difficult, give
oxygen.
Notes to Physician Treat symptomatically.
Section 5 – Fire Fighting Measures
Flash Point: No information Available Autoignition Temperature: No information Available
Explosion Limits Upper No Information Available
Lower No Information Available
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Extinguishing Media: Any means suitable for extinguishing surrounding fire.
Unsuitable Extinguishing Media: No information available
Fire & Explosion Hazards: Not considered to be a fire or explosion hazard
Fire Fighting Instructions / Equipment: Use normal procedures. Use protective clothing. Use NIOSHapproved breathing equipment.
Hazardous Combustion Products: No information Available.
Sensitivity to mechanical impact No information available.
Sensitivity to static discharge No information available.
Specific Hazards Arising from the Chemical: No information available
NFPA Rating: (estimated) Health: 2; Flammable: 0; Reactivity: 0
Section 6 – Accidental Release Measures
Personal Precautions Use personal protective equipment. Ensure adequate ventilation. Avoid contact
with skin, eyes and clothing. Remove from all sources of ignition.
Environmental Precautions Should not be released into environment.
Methods for Containment and Clean Up Soak with inert material. Keep in suitable and closed
containers for disposal. Always obey local regulations.
Section 7 – Handling and Storage
Handling: Wash hands after handling. Avoid contact with skin and eyes. Wear personal protective
equipment.
Storage: Keep container tightly closed. Store in a cool, dry, well-ventilated area. Protect from freezing.
Section 8 – Exposure Controls, Personal Protection
Acetic Acid, CAS# 64-19-7, ACGIH TLV: 25mg/m3, OSHA PEL: 25mg/m3
Water, purified, CAS# 7732-18-5, ACGIH TLV: NA, OSHA PEL: NA
Engineering Measures/ General Hygiene: Normal ventilation is adequate
Personal Protection Equipment: Skin Protection: Chemical resistant gloves.
Eye/Face Protection: Safety Glasses or goggles. Respiratory Protection: Normal ventilation is
adequate
Section 9 – Physical and Chemical Properties
Appearance/Physical State: Clear, colorless liquid
Odor: Vinegar-like
% Volatility: No Information Available
Boiling Point: 117-118C
Specific Gravity: No Information Available
Melting Point: 16.6C
Vapor Pressure: No Information Available
Vapor Density: 2.07
Flash Point: No information Available
Evaporation Rate: No information Available
Coefficient of water/oil distribution: Not Available
pH: Acidic
Odor Threshold: Not Available
Flammability: No Information Available
Decomposition Temperature: No Information Available
Solubility: Infinite
Partition Coefficient n-octanol/water: Not Available
Relative Density: No Information Available
Molecular Weight: 60.05
Section 10 – Stability and Reactivity
Chemical Stability: Stable under normal conditions of use and storage.
Incompatible Materials: Strong bases
Conditions to Avoid: No information Available
Hazardous Decomposition Products: irritating fumes
Hazardous Polymerization: Does not occur
Hazardous Reactions: None under normal processing.
Section 11 – Toxicological Information
Routes of Exposure/Symptoms/Corrosiveness – See Section 2
LD50 orl-rat: 3310 mg/kg (Acetic Acid)
LC50 inhalation-rat: 5620 ppm/ 1hr. (Acetic Acid)
Irritation: No information Available
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Toxicologically Synergistic: No Information Available
Chronic Exposure
Carcinogenicity No known carcinogenic chemicals.
Sensitization No information available.
Mutagenic Effects not mutagenic in AMES test.
Reproductive Effects Experiments have shown reproductive toxicity effects on laboratory animals for
acetic acid.
Developmental Effects (Immediate/Delayed) No information available.
Teratogenicity No information available.
Other Adverse Effects No information available.
Endocrine Disruptor Information No information available.
Section 12 – Ecological Information
Ecotoxicity: Acetic Acid has high biochemical oxygen demand, and a potential to cause oxygen
depletion in aquatic systems.
Persistence and Degradability: Expected to be biodegradable Mobility: No Information Available
Bioaccumulation/ Accumulation: No Information Available
Section 13 – Disposal Considerations
Chemical waste generates must determine whether a discarded chemical is classified as a hazardous
waste. Comply with all local, state, and federal regulations.
Section 14 – Transport Information
DOT – Not Regulated
Section 15 – Regulatory Information (not meant to be all inclusive)
OSHA Status: These chemicals are considered hazardous by OSHA.
Canada DSL: This chemical is listed on Canada’s DSL list.
TSCA: These chemicals are listed on the TSCA Inventory.
SARA Title III Section 313: Not Applicable
RCRA Status: Not Applicable
CERCLA Reportable Quantity: Acetic Acid – 5000lbs.
WHMIS: Not-controlled
Section 16 – Additional Information
Disclaimer: The information on this MSDS applies to this specific material as supplied. It may not
be valid for this material if it is used in combination with any other materials. It is the user’s
responsibility to determine the suitability and completeness of this information for his own
particular use. No warranty is implied regarding the accuracy of the data or the results to be
obtained form the products use.
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Reagent preparation and plankton tow calculations
A. Conversions
To convert feet to meters multiply by 0.3048
To convert inches to centimeters multiply by 2.54
To convert cubic meters to liters multiply by 1000
Conversions if a measuring cup is used:
 1 ounce = approximately 30 milliliters
 1 cup = 8 ounces
 1 cup = approximately 250 milliliters
B. Preparation of a 4% baking soda (sodium bicarbonate) solution
Use the following formula to prepare a 4 % by weight (W/V) solution:
desired volume in ml x 0.04 g baking soda = grams of baking soda to add
Example: to make a 1 liter solution of 4% baking soda solution, add 40
grams of baking soda to 1000 milliliters (1 L) of deionized water. A
standard 28 mm soda bottle cap holds about 5 grams of baking soda and
½ teaspoon of baking soda is about 3 grams. These values can be used
to prepare a solution that is approximately 4% baking soda. For example,
adding a level soda bottle capful of baking soda to a 250 ml Nalgene
container that is approximate ½ full with water would provide a solution of
baking soda close enough to 4% that it could be used to adjust the pH of
plankton tow samples per the protocol described in Appendix A.
C. Preparation of a 10% bleach (sodium hypochlorite) solution
Use the following formula to prepare a 10% bleach solution
total volume of solution desired x 1.1 = volume of bleach to add
Example: Add 50 milliliters of bleach to 450 milliliters to prepare a 10%
bleach solution (V/V). A measuring cup can be used to measure the
bleach and water at a 1:10 proportion. It’s recommended that the
bleach solution be prepared in a 32 oz. Spraymaster (gray) spray
bottle. The gray bottle will help protect the bleach from degradation.
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D. Determination of a vertical tow volume in liters
To determine a vertical tow volume multiply the area of the plankton
net hoop by the total depth of all the tows in the sample bottle and
then multiply by 1000. Round the value to 2 significant figures.
Area of the net hoop (m2) x tow depth (m) x 1000 liters/m3 = total tow volume (L)
Table 1. Plankton net diameter and the corresponding area (m2) of the net hoop, used
to determine the minimum tow depth required to achieve a 1000 liter tow volume.
Net Diameter
5 inches (13 cm)
8 inches (20 cm)
12 inches (30 cm)
20 inches (50 cm)

Area of Plankton Net Hoop (m2) Minimum Tow Depth to get
1000 Liters Total Volume
0.01square meters
100 meters
0.03 square meters
33.4 meters
0.07 square meters
14.3 meters
0.20 square meters
5.3 meters

Example: A 30 cm net is used to collect 3 x 20 meter tows. All 3 of
the tows are dispensed into the sample collection bottle.
0.07 m2 x 60 m x 1000 L/m3 = 4200 liters of source water represented in the bottle
E. Determination of horizontal tow volume in liters
It is difficult to determine horizontal volume. An estimate can be made
in the same way vertical tow volume is calculated. That is, the length of
the tow in meters multiplied by the hoop area in square meters then
multiplied by 1000 L/m3.
Horizontal tows do not account for veliger depth distribution and there is often a
lot of sediment in horizontal tows. For these reasons horizontal tows are
discouraged.
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Plankton tow preservation protocol for the detection of
quagga and zebra mussel veliger larvae
Objective: Preserve the integrity of veliger shells and tissues in plankton tow
samples so that veligers are amenable to PCR and CPLM analyses.
Summary: Add 5 ml of a 4% (W/V) baking soda solution per 100 ml plankton tow
sample then bring the volume to 20% absolute ethanol (V/V).
Protocol:
1. After tows have been poured into the collection bottle, mark the level with
a Sharpie and measure the height of the liquid using a ruler with millimeter
graduations.
2. Divide the height measurement by 0.95
3. The quotient is the level to which the 4% baking soda solution is added.
This will be a relatively small quantity. A small cup should be used to pour
the solution into the tow.
4. Divide the measurement in step 1 by 0.76.
5. The quotient is the level to which absolute ethanol is added.
6. The sample is now preserved. Store the sample under refrigeration
conditions until shipping.

Note: After the addition of baking soda and ethanol the pH of the
sample should be 8.0 or slightly higher. The pH can be measured in the
field with pH test strips. If the pH is below 8.0, add more baking soda
solution. The pH of the sample will also be measured in the laboratory
at the time of analysis and reported with results. A pH below 8.0 at the
time of analysis means that more baking soda solution should be
added at the time of preservation.

42

Example preservation calculations:
Tow samples are collected and dispensed into a 250 ml Nalgene container. The
tow sample level is measured at 65 mm.
65 mm / 0.95 = 68.4 mm (~ 68 mm)
mark 68 mm on the bottle and add the baking soda solution to this level.
65 mm / 0.76 = 85.5 mm (~ 86 mm)
mark 86 mm on the bottle and add absolute ethanol to this level.

Note: Samples must remain chilled. All samples should be placed in a
cooler with gel or blue ice packs immediately after collection so they do not
warm up and begin to degrade. Do not freeze the samples. Freezing
damages shells and reduces detection sensitivity. Samples need to be
preserved as soon as possible after collection (no more than 3 hours after
collection).
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Plankton Sample Datasheet

Waterbody:
Collector Affiliation:

Date:

Collection Information

Collector:

Phone #:
Net Information
Mesh Size (µm):
Net Diameter (cm):
Net #:
Reel #:
3
Calculations for volume: V = (area of net)(total depth in m)(1000L/m ) feet to meter x .3048
8in net V= (.03m2)(total depth in m)( 1000L/m3)
12in net V= (.07m2)(total depth in m)( 1000L/m3)
Tows
Preservation: pH Buffer:
/.95 =
Sample ID:
Total # of Tows:
Total Depth of Tows:
Location Description

Sample ID:
Total Depth of Tows:
Location Description

Sample ID:
Total Depth of Tows:
Location Description

V/H
Tow

Volume =
Tow Depth
(m)

Water Q.
Depth
(m)

Ethanol:

Time
Temp °C

pH

HDO
%

V/H
Tow

Tow Depth
(m)

Water Q.
Depth
(m)

Time
Temp °C

pH

HDO
%

V/H
Tow

Tow Depth
(m)

Water Q.
Depth
(m)

Time
Temp °C

/.95 =
/.76 =

pH

HDO
%

HDO
mg/l

Sp. Cond.
(µS/cm)

Turb. NTU

Preservation: pH Buffer:
Ethanol:

Total # of Tows:
Volume =

HDO
mg/l

Sp. Cond.
(µS/cm)

Turb. NTU

Preservation: pH Buffer:
Ethanol:

Total # of Tows:
Volume =

HDO
mg/l

/.76 =

/.95 =
/.76 =

Turb. NTU

Samples preserved to 20% with 200 proof non-denatured ethanol, buffered with 5 ml of a 4%
baking soda solution per 100 ml  Time:
Plankton Sample Datasheet. March 2017
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Sp. Cond.
(µS/cm)

Sample submission guidelines and submission form
Note: The California Department of Fish and Wildlife (CDFW) Shellfish Health
Laboratory (SHL) is located at the UC Davis Bodega Marine Laboratory. As per the
instructions below, samples need to be mailed to the Bodega Marine Laboratory
where they will be routed to the Shellfish Health Laboratory. Samples may also be
hand delivered to the Shellfish Health Lab per the instructions below.
Authorized Submissions:
Samples submitted to the Bodega Marine Laboratory SHL are usually collected by
CDFW personnel or individuals working with CDFW personnel. The SHL accepts
samples from any California State, out-of-state, or federal personnel qualified to
collect samples. The SHL will also accept samples from water management
personnel and academic institutions. Laboratory capacity is limited. First priority will
be given to CDFW submissions. Compromised samples will not be tested. It is
recommended that sample collection follow the CDFW Quagga/Zebra Mussel
Plankton Tow Sampling Protocol.
Sample Delivery Options:
Properly preserved and maintained plankton tow samples collected for lab
analysis may be either hand delivered or shipped to the SHL. Include a sample
submission form with each set of samples. Make sure samples are clearly
marked for identification. Samples should be delivered or shipped to the SHL
within 1 week of collection.
Contact Information:
Contact Jim Snider at the SHL for any questions regarding quagga/zebra
mussel testing.
Phone: (707) 785-2066
Email: James.Snider@wildlife.ca.gov
Hand Delivered Samples:
Hand delivered samples should be transported in a cooler and maintained at
refrigeration temperature during transport. Samples may be hand delivered during
normal business hours; Monday through Friday, 9:00 am to 5:00 pm. The lab is
closed on weekends and holidays. Call Jim Snider prior to delivery to make sure
personnel will be available to receive samples. Arrangements may be made for
afterhours deliveries, contact Jim Snider for arrangements.

Sample Submission Guidelines. March 2017
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Shipping Samples:
Shipped samples should be packaged in a styrofoam packer (or a similar type
cold packer) contained secondarily in a cardboard box. Use gel packs to keep
samples chilled. Do not use wet ice. The Bodega Marine Lab (BML) shipping
and receiving department is open Monday through Thursday and closed on
Fridays, weekends, and holidays. All freight must be received no later than
Thursday in any given week. Samples should be shipped for next day delivery.
Samples that are held over the weekend by the courier service will be
considered compromised and will not be tested. Samples collected late in the
week may be held over the weekend if properly preserved and refrigerated and
shipped the following week.
Location:
The location of the BML can be found at:
http://maps.google.com/maps/myplaces?hl=en&ll=38.31905,123.055509&spn=0.090101,0.153637&ctz=420&t=m&z=13
The CDFW Shellfish Health Lab is located in rooms N307 and N310. Entrance
to the BML is gated. The gate closes at 5:00 pm.
Shipping Address:
Bodega Marine Laboratory
Shellfish Health
Attention: Jim Snider
2099 Westside Road
Bodega Bay, CA 94923
Reporting Results:
Results will be reported in letter or memo format and will be emailed
to designated contacts.
Laboratory Fees:
Currently there is no fee for quagga/zebra mussel plankton tow testing at the SHL.
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CDFW Shellfish Health Laboratory Submission Form
Quagga/Zebra Mussel Plankton Tows

Name:
Agency:
Phone #:
Mailing Address:
Waterbody:
Site Location:

Email:

Title:

Was the sample preserved at the time of collection with baking soda and 20%
absolute ethanol and stored at refrigeration temperature as per Appendix A:
Plankton tow preservation protocol for the detection of quagga and zebra
mussel veliger larvae in this document?

 Yes  No
If no, please specify the preservation method used:
Plankton Net Diameter (include units):
Plankton Net Mesh Size (include units):
Sample Collection
No.
Date

Sample Description

Indicate
Horizontal
or Vertical
Tow (H or V)

Total Tow
Depth
in Container
(indicate feet
or meters)
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Appendix D: Example Outreach Materials from Sonoma Water

Handouts:
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Radio Advertisement:

The following is an example that can be modified by the Mendocino County Water Agency as
necessary.

Sonoma County Water Agency “Don’t Move A Mussel” :60 3/26/12
(Music Open/Under…)
Announcer: Help keep Lake Sonoma and Lake Mendocino open to boating recreation! To help, all you
have to do is not move a mussel! Seriously - don't move a mussel!!! Quagga and Zebra mussels are an
invasive species of mussel about the size of a fingernail that can hitch a ride on your boat or trailer from
an infected waterway and invade our lakes. Once they infest a lake, they ruin boats and destroy important
water infrastructure, and are bad for our precious fisheries. Fortunately, our local lakes are mussel free
and we need to keep it that way! So, if you’re a boater, please help keep Lakes Sonoma and Mendocino
open to boating recreation by not moving a mussel. Inspect your boat and vehicles for mussels every time
you enter and leave any water way. Check everything, ensuring that your entire boat, motor, launch
vehicle and trailer are clean and dry, dry, dry before entering a waterway!
Find out more at: don’t move a mussel dot com.
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Fact Sheet:
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Web Advertisement:
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Appendix E. CDFW Aquatic Invasive Species (AIS) Decontamination Protocol

California Department of Fish and Wildlife
Aquatic Invasive Species Decontamination Protocol
The California Department of Fish and Wildlife (CDFW) is committed to
protecting the state’s diverse fish, wildlife, and plant resources, and the habitats
upon which they depend. Preventing the spread of aquatic invasive species
(AIS) in both CDFW’s activities, as well as those activities CDFW permits others
to conduct is important to achieving this goal. The protocols outlined below are a
mandatory condition of your CDFW authorization to work in aquatic habitats.
They are intended to prevent the spread of AIS, including New Zealand mudsnail
(Potamopyrgus antipodarum), quagga mussel (Dreissena rostriformis bugensis)
and zebra mussel (Dreissena polymorpha). Information about New Zealand
mudsnails and quagga and zebra mussels is summarized in Attachments A and
B. For complete information on the threats of AIS and aids to their identification,
please visit the Department’s Invasive Species Program webpage at
www.dfg.ca.gov/invasives or call (866) 440-9530.
Many AIS are difficult, if not impossible to see in the environment and can be
unknowingly transported to new locations on equipment. Therefore,
decontamination is necessary to prevent the spread of AIS between collection
locations. Equipment shall be decontaminated between each use in different
waterbodies. All equipment, including but not limited to, wading equipment, dive
equipment, sampling equipment (e.g., water quality probes, nets, substrate
samples, etc.), and watercraft, must be decontaminated using one or more of the
protocols listed below. As an alternative to decontaminating on-site, you may
wish to have separate equipment for each site and to decontaminate it all at the
end of the day. Listed below are three options for equipment decontamination.
Use your judgment and field sampling needs to select the method(s) that are
appropriate for your equipment and schedule. Because there are currently no
molluscicides registered with the California Department of Pesticide
Regulation that have been demonstrated to be effective for these three
species, CDFW cannot recommend chemical decontamination. If you would
like training on implementing these protocols please contact the Invasive Species
Hotline at (866) 440-9530 or e-mail invasives@wildlife.ca.gov
General field procedures to prevent the spread of AIS:
• If decontamination is not done on site, transport contaminated equipment
in sealed plastic bags and keep separate from clean gear.
• When practical, in flowing water begin work upstream and work
downstream. This avoids transporting AIS to non-infested upstream
areas.
• For locations know to be infested with AIS, use dedicated equipment that
is only used in infested waters. Store this equipment separately.
Page 1 of 6
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Equipment Decontamination Methods
Option 1: Dry
• Scrub gear with a stiff-bristled brush to remove all organisms. Thoroughly
brush small crevices such as boot laces, seams, net corners, etc.
• Allow equipment to thoroughly dry (i.e., until there is complete absence of
moisture), preferably in the sun. Keep dry for a minimum of 48 hours to
ensure any organisms are desiccated.
Option 2: Hot water soak
• Scrub gear with a stiff-bristled brush to remove all organisms. Thoroughly
brush small crevices such as boot laces, seams, net corners, etc.
• Immerse equipment in 140° F or hotter water. If necessary, weigh it down
to ensure it remains immersed.
• Soak in 140° F or hotter water for a minimum of five minutes.
Option 3: Freeze
• Scrub gear with a stiff-bristled brush to remove all organisms. Thoroughly
brush small crevices such as boot laces, seams, net corners, etc.
• Place in a freezer 32°F or colder for a minimum of eight hours.
Watercraft Decontamination
•
•
•
•

Prior to leaving the launch area, remove all plants and mud from your
watercraft, trailer, and equipment. Dispose of all material in the trash.
Prior to leaving the launch area drain all water from your watercraft and
dry all areas, including motor, motor cooling system, live wells, bilges, and
lower end unit.
Upon return to base facilities, pressure wash the watercraft and trailer with
140° F water*, including all of the boat equipment (i.e. ropes, anchors,
etc.) that came into contact with the water.
Flush the engine with 140° F water for at least 10 minutes and run 140° F
water through the live wells, bilges, and all other areas that could contain
water.

*To ensure 100% mortality the water needs to be 140° F at the point of
contact or 155° F at the nozzle.

Page 2 of 6
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Reporting Aquatic Invasive Species
If you suspect you have found New Zealand mudsnail, quagga and zebra
mussels, or other AIS, please immediately notify the CDFW Invasive Species
Program at (866) 440-9530 or e-mail invasives@wildlife.ca.gov. Please provide
your contact information, specific location of discovery, and digital photographs of
the organisms (if possible).

Page 3 of 6
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Attachment A
New Zealand Mudsnail
The threat posed by New Zealand mudsnails (NZMS):
• NZMS reproduce asexually therefore it only takes a single NZMS to
colonize a new location.
• NZMS are prolific, and a single NZMS can give rise to 40 million snails in
one year.
• Densities of over 750,000 NZMS per square meter have been
documented.
• NZMS out-compete and replace native invertebrates that are the preferred
foods of many fish species and alter the food web of streams and lakes.
Identifying NZMS:
• NZMS average 1/8 inch in length, but young snails may be as small as a
grain of sand. Adults bear live young.
• See the photos, below, for assistance identifying NZMS. Expert
identification will be necessary to confirm identification.

Page 4 of 6
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NZMS Habitat:
• NZMS can live in most aquatic habitats, including silted river bottoms,
clear mountain streams, reservoirs, lakes and estuaries.
• NZMS have a temperature tolerance of 32-77° F.
• NZMS can survive out of water for more than 25 days in cool, moist
environments, and have been found over 40 feet from water.
Current known locations of NZMS in California can be found at
http://nas.er.usgs.gov/taxgroup/mollusks/newzealandmudsnaildistribution.aspx

Page 5 of 6
58

Attachment B
Quagga and Zebra Mussels
The threat posed by quagga and zebra mussels (Dreissenid mussels):
• Dreissenid mussels multiply quickly and out-compete other species for food and space.
• Their presence can alter food webs and alter environments, negatively affecting native and
game fish species.
• Dreissenid mussels attach to hard and soft surfaces, and negatively impact water delivery
systems, hydroelectric facilities, agriculture, recreational boating and fishing.
• Adults can survive up to 30 days out of water in cool, humid conditions.
• Produce microscopic larvae that can be unknowingly transported in water, including live-wells,
bilges, and motors.
Identifying Dreissenid mussels:
• Typically the same size as a fingernail but can grow up to about 2 inches long.
• Variable, usually dark and light alternating stripes. May also be solid cream, brown, or black.
Dreissenid mussel habitat:
• Variable, including both hard and soft surfaces in freshwater.
• From surface depth to more than 400 feet in depth.

Current known locations of Dreissenid mussels in California can be found
http://nas.er.usgs.gov/taxgroup/mollusks/zebramussel/maps/CaliforniaDreissena Map.jpg
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